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Definitions/Error Contributors
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~Out=of-Fie[d Response Affects
Sensor Performance o1-
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DIFFERENT COMPONENTS OF THE STRAY
SIGNAL PROBLEM CONTRIBUTE TO

DIFFERENT PORTIONS OF THE “TAILS”
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. Ghosting

● Crosstalk (Optical,
Detector, Electrical)

● Scan Mirror Scatter

Area

● Stray

● Transient

Light

Response

● Radiometric

● Radiometric

Accuracy

Accuracy
with Clouds
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Transient Response Requirement/
Budget Flowdown
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FOUR ORDERS OF MAGNITUDE
EXTINCTION RATIO REQUIRED

FOR TRANS. RESP. 1-SANTABARBARARESEARCHCENTER
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WORST CASE ILLUMINATION
CONDITIONS ASSUMED SANTABARBARARESEARCHCEfiTER
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Transient
Response
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Budget I 0.3?40I
Optics

Prediction I TBD yO I

● Ghosting
● Mirror Scatter
● Lens Scatter
● Filter Scatter
● Filter Reflections

Detectors Electronics
(Crosstalk) (Crosstalk) Margin
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Readout ● Readout
Cables ● Cables
Substrate ● EMI
Reflections
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Ghosting Review
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GEOMETRICAL RAY-TRACING
USED TO DETERMINE SIZE OF

GHOST IMAGE 1= SANTABARBARARESEARCHCENTER
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NIR ENG MODEL OBJEC~lVE MODIFIED NIR OBJECTIVE
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● OPTICAL ANALYSIS CONDUCTED WITH CODE V DESIGN/
ANALYSIS SOFTWARE

● INCREASING THE DIAMETER OF THE GHOST IMAGE
REDUCES IT’S FLUX DENSITY

NIR ENG MOD OBJ MODIFIED OBJECTIVE

SECONDARY GHOST DIA. 8 mm 47 mm
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NIR COATINGS OPTIMIZED FOR
HIGH SNR BANDS; 13, 14
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Crosstalk Update
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Crosstalk Update
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LWIR PC Measured First
Ii

- Successive Pixels Masked Off

LWIR PV Measured Second

-3 IFOV Wide Slit Scanned Across FPA

NIR Measured Last. Data made available 4/28/94

- Same as LWIR PV, Except With, and Without Filter Mask
(No difference seen with or without mask in most cases)

Measurement Error Sources Significant
(Instrumentation Noise, Light Leakage, Set-up Reflections)

Data Currently Being Analyzed
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Scan Mirror Scatter
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Scan Mirror scatter Update
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Scan Mirror Meets All Specifications. Very Good Mirror!

Measurements Made at TMA on Scatter

TIS Better Than 0.043Y0. Spec is 0.15%.

Mirror Performance is “State-of-the-Art” for Mirror of this Size

Recent Concern is “Near-Field Scatter” in Relation to
Transient Response Spec as Currently Written.

Awaiting Digital Data from TMA to Perform System
Level Analysis.
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Scan Mirror Scatter Affects
Stray Light Performance I sANTAfiARBARARE5EARCHCENTER
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●
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Response Essentially Flat

over FPA FOV
Extends many 10’s ofkm
SymmetricforAllDetectors ‘

AL= LinesTISsQ/n

TIS= 0.2%at0.65Lm
Q = 2 sr(WorstCaseUsed)

ScalesInverslywith1

Region
Error
(/)o 0

I
Vls 0.17
NIR 0.10
SWIR/MWIR ().()3
LWIR 0.01
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● SURFACE FLATNESS

SIDE A

SIDE B

c SCATTER

SIDE A

SIDE B

● REFLECTANCE

● POLARIZATION

. ENVIRONMENTAL DURABILITY
PER MlL-M-l3508

SPEC MEASURED

0.5k (633 nm) 0.49L

0.5L o.34?b
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DIsCUSSION

z Yo.1A h
l%eHarvey Shack BRDF model is used in this current analysis 7

!+

BRDF= bbO+uaO*(
sin(tigk) ~

0.01
) (1)

The exponent M is in the -1 to -3region for most optiml mirror surfaces. The modeling has
been based uwn mirrors that have a TIS = 0.001 wherein the integrat-km limits are from
0.034to 1.57 ~adian. An example of the equations used in Mathcad is given below.

Table I Mathc-ad input and calculated TIS and Effective Reflectance

bbO :=0 d :=.5 M :=-2.0

Reflectance=
l:w,l:[w+*(_)M],a,Y.~.463M.10-’ ,~,

-”“~w-o models -”We&” u“sial-’on~” &s the Mathcad model which the above data is a
repre-sentat”ivesample. The other model was an EXCEL spreadsheet model. Examples of
this will be given below.

The Mathcad model has as inputs: bbO, aaO, M. From this the TIS (first expression) is
calculated for limits of integration of 0.034 to 1.57 mdian.The second~S has lim~sof Oom .
to 1.57 radian. It should be noted that the equation used assumes rotat.kmalsymmetry, where
ang!e of incidence (AOI) ==O. This is the way the mirror is being measured but it should be
remembered that the AOI varies from 10 to 65 degrees in actual operat”m.

The third expression is the effective reflectance associated with a nearby cloud that has an
angular extent of 0.2 radian in the along track direction and 0.097 radian in the scan
direction. Furthermore the edge of the cloud is 0.003 radian from the FOV being considered.

An example of the EXCEL spreadsheet is given below, Table Il. It is for the same input as the
Mathcad equations above. As can be seen the integrated results are very close:

TIS is 0.001069 versus 0.001062.

Reflectance is 0.0004637 versus 0.00462

2
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Measurement Methodology



SSMA Spectral/Scatter
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Conclusions/l%commendations
, 1=SANTABARBARARESEARCHCENTER,.
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●

●

●

●

But

I

Optics, FPA, Mirror Technologies and EM Hardware
Are “State-of-the-Art”

<.JI.(u

Subsystem Measurements of Out-of-Field Response
Are “In the Noise”

Transient Response Requirement As Currently Written
May Be Unachievable

Recommendations:
1, ‘,,,(

,!”.

1)

2)

3)

Proceed With Build. Hardware is Very Good.

Perform System Level Analysis With Subsystem Data
to Better Understand Performance Limitations

Wait for System Level Tests (1/95) to Determine Compliance
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